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WD 2008/ 064248 PCT/ US2007/ 085279 DI G TAL PRI NTI NG
PLASTI C CONTAI NERS CROSS- REFERENCE TO RELATED
WAPRIB/GANRISON 5 Thi s application clains the benatdt/us®07/085279
United States Patent Application No. 11/562, 655,

filed 11/22/2006, which is incorporated by reference

as though fully set forth herein. TECHN CAL FlI ELD The
present invention relates generally to plastic

cont BIGITARYPRINTING PISTIC CONPAINERS,
particularly containers with curved surfaces, and

nmet hods for printing imges on plastic containers. .
BACKGROJHD SSRBFIRENGHE TOSRRDATED APPLITATEONG ont o
curved surface plastic containers are subject to
certain limtations and drawbacks.- Such techni ques

nﬁlﬁF a}éﬁl CQﬁ{;r[ Ligild th{; Berf%ﬁ?}ftﬁﬁit@d diate§ 9%:3# Xﬁé‘lication %\Io.

arti a contarner having a non-planar surface,

11/56206350 fided 1 lm%hwlncms incorporte Bl deferawe ep tiakk fully det forth
ther challenge, is to efficiently provide a container
hereingj th-a nul ti-col or di gi tal inmage printed at

accept abl e speeds aRg éﬁqﬁ$ﬁJ gpl e cost. SUMVARY
The present |nvent|on prOV| or the printing of one
or nore digital imges on a 20 container having a
rbre-présentmvextioarrplates gemdraltyeto pldséic dogainats haningeligiml images

: i nted on contai ner. by a Ilcatlon of e
printecEihefgpauner R ARG b SRy PG 1A ot g images
on pladRQBhtafifdrd © about 200 microns and the droplets may

range from about 200 to about 1200 drops per inch.
Met hods for digi taI printing plastic containers are

al so di scl osed. - VE% 8 PCT/ US2007/ 085279
BRI EF DESCRI PTI ON OF é&§g§£$ﬂﬁg Enbodi nents of the
invention will now be described, by way of exanple,
viidriventional techniques for printing onto curved surface plastic containers are

subject to certain limitations and drawbacks. Such techniques make it difficult to provide a
container, particularly a container having a non-planar surface, with an image that is
commercially acceptable. A further challenge, is to efficiently provide a container with a

multi-color digital image printed at acceptable speeds and at a reasonable cost.

SUMMARY

The present invention provides for the printing of one or more digital images on a
container having a non-planar external surface. The digital image is printed on the container
by application of ink droplets. The ink droplets may vary in diameter from about 10 to about
200 microns and the droplets may range from about 200 to about 1200 drops per inch.

Methods for digital printing plastic containers are also disclosed.
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reference to the acconpanyi ng draw ngs, wherein: FIG
1 is atop perspective viewillustrating a pattern of
Wokoosih@piset s applied to a non- 5 planar surfaceCwism07/085279
cont ai ner accordin i ment_of the invention;

Con A FeebpcziTaRiar THEQRENING S0l s ' A

over | apping portions; FIG 2Ais side view of an ink
dEme@tnehtSIOﬁ ﬁterlawrw@naz@li @@Wéleet@scaﬂv@dl it wap eSenagtpda tvath
re resentation of an ink dropl et

|
refere%?ﬁﬁ? gtcf%ﬂpagvgfge C‘g&{é&r eﬁedn‘to an enbodi nent of th;a
hi I t at
iﬁﬁh# gnFde%er%’%‘i‘Yen‘P?‘ﬁ &I@HE@% 'e?ﬁ%ﬁ@@?%ﬂﬁ?aﬁ %dtotﬂ anon-

planar 3B AR BRAIneP hcoRBing %Vé?lrgmmlmé:ﬂt@f the th¥erfliofl! aphi cal
representation of a printing subsystem according to an

STl D R T g =

ﬂf\ P LR W d e e PoRT g Ehsurements.
S o L o B B SR

anem%dﬁlerﬁ%fﬁ?egﬁ{?én%ﬂ in conj unct| on with enbodinents, it
be understood that they are not intended to

g b 4 Qgra Nl r%g]erﬁaq oh%?g oﬁfgﬂ%ql {1 sy gtgr% in accordance
PR b QA

cont rary nven I on S I'nten

with arabmbdsd’imtmt\/c&"she mwehtfoncat i ons and equi vaI ents, which may
be included wthin the spirit and scope of the

IFgentd £ aﬁlﬁc&l%ﬁ@%ﬂté@ﬁénbh@pﬁﬂﬂ@%‘%@ ysHR abFrdiflg ROSL | ON

of a contalner 10 aV|ng a nhon anar surface 20 is
embodgesné pihieynyeantiostandt ed in  FI G 1 A plurality of
droplets of ink (or ink droplets) 30, are shown
dilsbbirssesddepow dflleoplats of mkepRiedad athaee camnt ai ner. The
droplets of ink 30 collectively may formpart of an 25

appl i cation patt ®@ETMILED DESCRIFPTIONBY formall or a
portion of a predefined digital inmage. The

bRt idhoRAld B kA mﬁétagqmaﬁﬂb&ﬁnfen&rdf@hé MBSl HveBiidh,
such as the grid pattern shown or, alternatively, may

exampleg REWhieh @rendasciitedrisreif ambxﬂmuﬁtubm tbe acbefriparying drawings. While
tterns. rthe ener.a

e BTl P £ Bt b s S Qe yrgrstood tha

they arélhéiih@hSedXQ 1Y the\£¥dn8Bn & these embodiments. On the contrary, the

invention is intended to cover alternatives, modifications and equivalents, which may be

included within the spirit and scope of the invention as defined by the appended claims.

A portion of a container 10 having a non-planar surface 20 is generally illustrated in
FIG. 1. A plurality of droplets of ink (or ink droplets) 30, are shown disbursed upon the
surface 20 of the container. The droplets of ink 30 collectively may form part of an
application pattern which, in turn, may form all or a portion of a predefined digital image.
The application pattern may comprise a grid-type pattern, such as the grid pattem shown or,
alternatively, may take on other forms of controlled or defined application patterns. Further,
as generally illustrated, portions of one or more adjacent ink droplets 30 may overlap or

intermix with each another, forming overlapped portions 32.
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intermx with each another, form ng overl apped
portions 32. - 2 WD 2008/064248 PCT/ US2007/ 085279

W 1808/B64a48s1 de vi ew of a series of ink dropl et sSPCAOUSE0O 085279
overl appi ng portions 32 that exhibit a contiguous area
oFIG.17k a 8ifle iaveolalsdries of imksirepdets B0 mitht dvsrlapemng g@}@@@s 32 that

f k f t..d
bR e poab R atan: VATedr rastsurhape Frr e Pk e
extend%'f@m g hirstidhopPétige e a6l b BB dfdpeedgenBadts p@ﬂﬁb@ﬁet{eﬁ’ lillustrated in
es of the edges) for the dro%@ets of ink, 5 which

ang|
FIG. 24y, én nepimbedimentd thsyconiskt anelss|(et ange of drepdgey) fomthe ﬁ@oplets of ink,

.. figure range. ro
wic g5l ALRTPIBAROHA o 90 860l AMaUkoATpgu: s deges
to aboGOTH @dteca MIbRDVERIh 4 patfenlabeibudanerapibodtacttangRbaialy rdibge
dearees Dependi ng upon the desired digital inage or

betwegr §12 topbophtA degaersl i nk drops can conprise various
known colors, including for instance, primry printing
cBEpanginguipon s depled digital imageot imagan dhey@mv(;d/ual ink drops can

\b |
compriB VGaH e GaSRS PR Ao i

—U

1axgl pngag% IS sucg as cyan,

magerf#, Qhd ?&W PREver) ool BAgIhE ro%’r'lﬁ)?l@d&' doh®ditadtions of certain
procéss” colors. Additionall he ink droplets may

colorstie ovarlagping ardasrsuelx anpieslapped ppmtnq;m 3@ qan Iprqwéqgadéi@tgona ocess”

rtion of th
colors SRR PR e AP Brarey Sofrr e Ry ol e s e
mayc%?ﬁseaallsdr@%o@u&i@ﬂth@ﬁlghtﬁﬂﬁﬁgecan 15 vary in di aneter
rom about 10 microns to about 200 mcrons. In a

PRIV Gial ﬁfk &ohed '3Ueﬂzhldm%h§osg'a§é6€fa?é'd WAt1ph sitnE% dgienlifkge, can

can range from about crons to about m crons.
vary iAdidiveteo Peafréy aboitd Oapistdns & atmmt 300 dronk. dpsa mrtmuilaj@mbodlment

.the the contai ner to f t di gi.t al
the digrpaigydLof R JEIet B 2B60 oBaBOt Bt 15 8ot 30 ernus
Add1t1bﬂ£i}r £hQPBE11@1 Bidn of thid?o seﬂl@ﬁgéd"@ﬂlihe UM cd GBS AR08 @orm the
2 Theresu]% %ltal i mage formed on a
digitaldthagesraagas érorrs a,homaaéo tmgbouh‘ B0 ek@fsmee mhcﬂDW)t gaduin an

mtation, e f f I ab
ermbodityPit, ey Fiiee i U SR R TR R fae A e Bip e
contaifdr 3R ESmay orl diﬁm@[e@ﬁ'd%ﬂlﬁ)ﬁphmﬁéﬁdrp 'ﬂak%)tﬁd BT a label and may
according to an enbodi nent of the invention is shown

includp mankiuGtex3 angler grapkiealinshuding ealor tgkeand giapdliesr al ity of
contai ners 10, which may include a
An ink droplet application system 40 according to an embodiment of the invention is

shown in FIG. 3. As generally illustrated, a plurality of containers 10, which may include a
non-planar (e.g., oval, round, or simply generally curved) surface 20, may be transported 6r
conveyed past a printing subsystem 50. The printing subsystem may comprise one or more
print heads 60; at least one actuator 70 for controlling the up-down position of the print head
or heads relative to the containers; an ink delivery device 62 for delivering one or more types
or colors of ink to one or more print heads; and a temperature control device 64, which serves
to at least in part regulate or control the temperature of the ink, and may include a plurality of

fluid lines 66.

In an embodiment, the temperature control device may include fluid heating units and

one or more pumps that circulate heated water or other fluid. If desired, the fluid may be

-3
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non-pl anar (e.g., oval, round, or sinply generally

curved) surface 20, may be transported or 25 conveyed
WREs/e64p48 nti ng subsystem 50. The printing subEyBUSA007/085279

may conprise one or nore print heads 60; at |east one

circul@6d #od €1bsedQirkoit. FIOrifhbtiaeh dnlgnbopmEedf BRSlyite@M0ah which
the print head or heads relative to the containers;

indivigin! prikt pefls @(éary sdenlied evigpink dhrowgh miiémﬁﬁ 65 anbingludgpfppinstance,
a plur%l}n%gggwta%ﬁ% e a?lﬁhfé vs)at%rr% ne%?n%afgnl%gﬁg% agnﬁq}sl’cel?@eglgﬁutt lines 66a

and su@Fl;J 1efSi lihdy GBaI In AnegtbodiBerd) the wratdr Qhed (reeg tretme 1iAésLd6B) may be
the ink, and may .include a plura 30 fluid

wrapppA. A g1k 1nes A 16 RbBHHnGAEld ]ﬁtesi bt thegHestad e lines 665,
may brgm%)rﬂérﬁ)gg %%)Sﬁn? B MBGinkd aﬁ Qxﬁc OHI%E b5 1 :})9161 ﬂéeh?ls ?r&ltlelalatlvely,

hat "circu vvater

the flowf oftiEH cewld bt hevetded; ahdrthy inbs ﬂulﬁllﬁwcaﬁlﬁ&/eﬂﬁléﬁ 46b and the output
PCT/ US2007/ 085279 ~circulated. in a _closed ¢ircui

fluid Imegcowld pe (PR t inaitasr cse, éﬁ%ﬂwﬁrélﬁﬁs bl {veamyain B mfb a gdesired
tempef: Br gﬁﬁ@%w 4Rl RGN AL Ea BRI Bl dofhd N

|nsta
I Pl o Eima T 1 ewserepu?? 4o B 4
print He@dsUWondélivessofGaR drdpletd tReBaecaBNthe chbhRineBtEhe trédd®S In an
(e.qg., return lines 66b) may be 5 w apped around ink

embodimaeisof@is: inventipasthe sk isppantpingd gt 3 tepwsratug énthgpriphbeads (e,

just i B %@ﬁeﬁ%ﬁ@ A A L o AR oyt

. t ly, the fl fluid lLd b
B3R acht SRR ot el RP YR being el Py Adomer
Howedhdt Iep Gﬂﬁrﬁ% noﬁe'th‘alt fhnd 1h9§rﬁ1oﬁ9§h& 1R8itd68 sudHa Richmesr
case, suc lines help to maintain the ink at a

conveyghast.Mathert fbﬁp@ttamgns enayrredtagphprtedipast thy prigimasubbystem 50 in

other rﬁ%ﬁ%%;aat e% g)ltgeté 8Q§t?m§r }?ag'ﬁ.glég gelcﬁl}lguegrpr%wgeé(%h'e garfJaceKthat isto
be pnﬂt&ﬂ"ﬂﬁﬁﬁﬁ HbopertigelyWbktiidled Rém tRE privit RERND drdrthelBbIiti@ ¥f the
ink droplets to the surface of the container to be

surfaC@ ﬂ@ms déelbe printad upeneradierraficianlytayieblished mn snme withgrespgkt to the
pnntmg su ySt%}liasiﬁ)s ﬁ% tﬁ% I?nt hg eragtb %sﬁlonetcﬂ% nﬁ) 1nta11 a gon)%% led distance

Ion or applcalon

from tRDHacE 4Gy %@arﬁh@ Uit R€linditatibrl, Ghe contdifes BRNHI ltéiﬂ;ﬁc&aﬂ@' retained
are generally shown being transported by a conveyor.

in a fixtureiqshelder thaf moyes paspthetraint heads.not e that the invention

is not [imted to such a neans of
The application system 40 may additionally include a scanning device 80, such as a

laser scanner. The scanning device 80 can be used to scan each container surface that is to be
printed upon prior to moving the container through the printing subsystem 50. The scanning
device 80 can capture surface profile data for the surface of the container to be printed,
including, for example, surface variability and curvature data. In an embodiment, the scanned
surface data is communicated to a signal conditioner 82, which may condition the data and
communicate the data or conditioned data to a processor 84. The processor 84 processes the
information and provides motion control signals to a motion controller 86, which in turn can

provide control signals to the actuator 70 for positioning one or more print heads 60 at a
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conveyance. Rather, the containers may be transported

past the printing subsystem50 in other manners and

wa 2oug/oet2aer cont ai ner handl i ng techni ques provPde@S2G0®085279

surface that is to be printed upon is not operatively
given Po1st inUihe@elbti@olaRe cpériitatddemesth Quidid dffig: @ itdr ®Bingf

the surface that is to be printed upon can be
moveduf fi ci ently established in space with respect to the

20 printing subsystemso that the print heads can be

plb $s itriportet to notedhatithé sysencéhismol limdted teoreriveingfa sspatateeand
... surface.. For exanple,.without limtation he
distne] R e s PRSP 5P b AT B MRS, Fgn feator
RatherQ§udAQoERbndnidialBy gfoviRE tin VAR chbbilAgasSor hERE€ their functions

application system 40 may additionally include a
combiggshinrvarigusdmwetatize gombingdensamithout fepagingsitemils scophef the present

: scaani ng devi ce .80,.can b sed Lo scan each cont ai ner

inven3Pok Akl i iR entBodiBRR, b SRR TRD Fbftig

contaitdR SuERRtdAta) € mindhiRHGhd dia, PrHetier Blted G IBdiRIR1H Ao tHdrint
scanni ng device 80 can capture surface profile data

heads fog therasnagairor aewiradier eordrodlng the nesitiemotjée prinhheads), and the
distanc'e%%W? 8k ggl%q;hegqﬁaaﬁqﬁltﬁe ?Pglgaglﬁe?}éﬁ{fx {t'ﬂ gg !gi’lln{eﬁ C%H ge cogtgoéléad

curvature Crnan’e _ “scanned” "surt
while t8tanthiBeic@ivasPasiaheprifitheadssi gnal condi tioner 82, which
may condition the data and comunicate the data or

CORfntiaP8chsgabR doRtrdls HOASRERA of ¥b pritd BedlsHOSHA Ofor 8hon-
processes the 30 information and provides notion
planar senfacepdansiffgetivedy meindaine debmedowconwdllesdroffiel withirespedtito the

surtacq ghie i P s o P e et SReB i e of ey
system%96%h QP HEF S, Bleldy Mo laABe 2R giby & mMatal a 1 Rnrh ®3 mm

relative to and coordinated wth the surface of the
standogirftarica 8D Wséwery thepomiay of the rirt hegdohispensing ankrasddhe sigface of
the tem40.is.not |imted to one.havi a arat
the contifer Y PG ehiER UAectrililag b fce oG RAF BARlG P SREHH60 ments
of the BV @ERASOE staNBSf B1RtBONSDFhdyHe sard/particaldrlyafedthin to3he distance
Rat her, such conponents nmay be provided in various )
betweegdhpartion efibe prinhkapd oPiedt pravidesthomk (didhetimedhe ik is applied)
V . . p | A
o USRS A LAGOTAL A0S AANE b PROREA LR {0

60 thatsiornpk tdih€ide enthogordas of the @riaCieaniting apislyiteeinkayaydan flaolp the
cont ai ner. surface _data, conmuni cate the data, whether
space agsqcaied yithy the;stpmdpE distance B, pravidsd; hgwever, that such encroachment

should not create a physical interference between a print head and a container.

With further reference to FIG. 3, in an embodiment of the system 40, the containers
are moved at a constant or substantially constant velocity past the print heads. However,
embodiments of the system can include sensors that determine, monitor, and/or control the
speed of movement (i.e., the velocity V) of the containers at one or more stages in the system.
The system 40 can, for example, provide such information to a processor or controller, and
coordinate the movement of the print heads to adjust for the constant or non-constant
movement of the containers past the print heads. Moreover, one or more feedback control

systems can be incorporated into the system to serve such a control function and coordinate
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heads (or the actuator or controller controlling the
position of the print heads), and the 10 di stance
waetoogess2ashe print heads and the contai ner sur fBECRU$2007/085279

be printed can be controlled while the container

the positior gnpawyemnens of themrin eafls reltiee torai aontaingr $habisyseeng past the

. ontrols the position of the print heads 60 and, for a

pnnﬂﬁ%ﬂ pl anar surface, can effectively maintain a

defined or_control |l ed of fset

h
shiersqee appliqatians dhs cnfaaners m@y\gﬂ@;éﬁ*r%gazgdeééortég ﬁgﬁegpg {he printing
subsy%t\%]rh llél§ gf B%s%ﬁilgh g)rfntﬂ RefiTa0dITRR Péantﬁb%se& FoB$lBR, $8 Hl‘éfbase the

system 40 can be configured to maintain
surface tempenatur®.od artmmtambatu:tnb‘hdd ispravetb@Didgeyite tie drbglets of ink.

some B35t 23Sl R 8 S BB B s ARk o

treatm@ﬁt HGK/evért thi $nWeRASMMHOL Bmited BPthesd fiattreafn@int 8pIRQRAI MENt S
of the i nVvention, the standoff distance SD nay be said

t {
pﬂd@ﬂgﬁdlféfr ht%L %%@%ptrﬁﬁg%rg%g% ?@‘H{ } oﬁﬁo e‘g@% @@oitr%§ a lpor‘uon
of the tin€act iofre cortainemndridrso priptfingealdig2fl imade.t Far exambbec €1G@f6 gdnerally

cont ai.ner tha receives the ink droplets. That is,
shows gide; e Obflrog %Pf i Yoegaliohis A hiss o6 ot @s%ed Ehq Gontact

angle IP@n f]fhtgﬁggéaffof {38 afS léﬁ 15%%3%%\% nﬁﬁ Etli]@w P?E tH8¥ontact

ncr ac space a 500| 1 ando
angle fibir fitecrasecd@Dis sbowm gdmm‘allmmlmmvfmd, byt dredtw §2ic ﬁn enembadinmet tthe

sho | d not c erference bet
contach Rl PR B DL SRDBIF R MIAPIOr i AN o 1Ay Qo pet g about
5 degrbds® abbut 28 d@%%@snﬁﬂg fd?%gxgle g{) 8oy SHEH ¥Hih rdal)Be between about

cont ai ners are nov a constant or
12 andsabbst Enddgadek yTh@b&teanat st océdmyprsad vf mkteripl that seveads improve

However dlmetsofthes temcan . in de
the apRBAGSH &f ik SOPULE BRAT ROV v YORal Capfey Rstisofdered, Al or o

portior PEEE b cBE’t‘éﬁﬁSEB@ dlggital?y prnﬁ&ff‘oﬁ/ il 10k E?o?ﬁ)onQ)ff atsﬁﬁace_l_ohf the

contai ners at ‘one Or riore stages in the system
contairgy sinemenodiament bﬁﬂleelxmmble onp pomool@dlgudhmag¢&ﬁrﬁann®d entirely

[ |
on a b o b RS B e ARk Pl on SRS} O EndBfapaptn of
the surfdce 6@ﬂre<‘c@ﬁﬁin%f‘¥na§%ﬂm{ BoRiIdh o@fhetd’lgta@ Qﬁ& . PBF &apap3d, if zhﬁortlon
print heads. Mreover, one or nore fe ack control

of the my@dedrélgdalnm@ée mlmhep@ calpetha Wfﬁﬂ@lﬁb’ @y@h@ﬂrﬂl@@@b@ gwsface of

uch a c ntrol d coor
e co i B 5% BB ans n e Pt pappbeiRgerammed
controlEHIL BRRAE dRperkidh of BidpletNeBiER ov @l sath pertibes.a cont ai ner
that is noving past the

Referring again to FIG. 3, the system 40 may further include a means for curing
droplets of ink associated with the digital image. For example, if UV curable inks are applied,
the means for curing may include one or more UV lamps 100. Moreover, the digital images
printed on the surface of the container may be prescribed to be cured within a defined period.
For example, in an embodiment, the digital images are cured between 0.5 seconds and 5

seconds after the ink droplets contact the container surface.

The application system 40 may also include a post-printing scanner (not shown) that
scans the final digital image. The system can then evaluate the post-printing data to assess

whether or not the image printed on a given container meets a prescribed or established

- 6-
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print head. For sone applications, the containers may
be pre-treated prior to entering the printing
wautwyeddsess 50 or passing a print head. Pre-treat@mu$2007/085279
can be used, for instance, to increase the 5 surface
criterie, el meygenastllpcateiataimiae qudlity obthedmagef te dmagmprntagon the

o 5 SRS D PR RSP B gy

initiat@d uéll @&SdiBalarkd &3 iofEiB4tionHE \WR 6B Erator)éndi tAY estithiasr hay petouted to
limted to those pre-treatnent options. Additionally,

an arep ffiey fgxfberapseamnend pndAispesabofigotkhne appl i cation of a
base coat to a portion of the surface of a container
piThe forbgmu;g derscmptg)na ol siggctial ermkmglgnents:@ifthe pmmitenvemngl have
ener a . side ew of
been HigHIeqoR R EP AR o et firpctinton (1567 & nofantifik o pe
exhaudfi@ & t(( Hﬁllt@ﬂ&in%eﬁfonttﬁ %1@&9&%6 foihns HidElodeDBh @V &idus mod1ﬁcat1ons
general l'y identified by ‘arrow 92a; the contact angle
and véfriationshare passile mahght of teahovaferding. ﬂ“iae p@éﬁdlmqn@dwy chosen and
the

deseri B Suetalen T HUE Suike B SR dar SravRd Rlgstion t

thereb?%ﬁﬁblé‘@%eﬁ%kﬂ@ﬁ%ﬁﬂ QWi lizSthe @FeRBon bt Pt edodiments with
degrees and, for sone applications, one or both may be

variou enodefEratiahsastard Siited tafhe patisutar vee eharerlsted Tihis ln@@éed that the
.may..be, ¢ of, mater| e
scope oﬁ,ﬁup day, tl?li].'l%e §%ﬁ1ed}ggﬁx al(r)rf,s apﬁﬁn &d(‘l}p%% agnd{;l t%lgi?roélﬁvalents.

provides a visual characteristic. If desired, all or a
portion of the base coat maybe digitally printed on at
| east a portion of a surface of the container. In an
enbodi nent of the invention, one or nore digital

i mages are printed entirely on a base coat. Further,
for sone applications, a portion of the base coat
and/or a portion of 20 the surface of the container
may forma portion of the digital inmage. For exanple,
if a portion of the intended digital image includes a
color that sufficiently matches that of the surface of
the container, or a base coat (if applicable), the
printing subsystem can be programmed to controllably
avoi d di spersion of droplets of ink over such
portions. Referring again to FIG 3, the system 40 nay
further include a nmeans for curing 25 droplets of ink
associated with the digital imge. For example, if W
curable inks are applied, the neans for curing may

i ncl ude one or nore Wl anps 100. Moreover, the digital
images printed on the surface of the contai ner nmay be
prescribed to be cured within a defined peri od.
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For exanple, in an enbodi nent, the digital inmages are
cured between 0.5 seconds and 5 seconds after the ink
wio ois@be4g 0Nt act the contai ner surface. 30 ThePCT/US2007/085279
application system 40 may al so i nclude a post-printing
scanner (not shown) thatcraegsyss the final digita
i mge. The system can then eval uate the post-printing
data to assess whether or not the inage printed on a

What igioleéme@ snt ai ner meets a prescribed or established - 6
WD 2008/ 064248 PCT/ US2007/ 085279 «criteria, which may

nequgﬁwﬁg &ﬁgﬁ&“xkﬁﬁﬁﬁl quallty of the imge. If

e im cont ai ner does not neet the

pr es c ra &mﬂalﬁxrr (eG)tIaabingsdm p:lam@trememal surCeB1i20)iveidt 4 drgnal image
s an_alarmor notification t

prmtet%.ﬂlemsa ﬂoatdmleta ﬁ31ﬂ$<r{é0)@ whesiibe InfejFoplets o ey ipdiaggter from

1010 5 #1405, S RRRIEOF RO SO0 0o 0h e o
t he present invention have been presented for
purposes of illustration and description. They are not
i ntended to. be _exhaustive ar o limt the inv
to theXﬁP’étéﬁn%(l%F‘?Fé’r g 8 ety e awefs o i 39) vary in

di dbfi ®AbioBRSicraald variations are possible in |ight of
1ameﬂ{éﬁe above teag]in ng. The enbodi nents were chosen and

described in order to explain the principles of the
invention and its practical application, to 10 thereby

able ot hers lled.in the art .to.u
hventhghiang: (8 peblbiss Aot e R g ink (0) range
from 300G ﬁg@a&bﬁygﬁr%hare suited to the particular use
contenpl at'e is intended that the scope of the
i nvention be defined by the clains appended hereto and
their equivalents. - 7 WO 2008/ 064248

Q07/.085
o as 1 CRGARET ) o5 B optlah vyl FTFSh hS ot ha Poyere
spr ead&mﬂ OxliltHé| cafiaineLMireikcd ahd p‘cbttlf)ﬁs?@f draflpts\Bo)ovarlah githabjoining

e 5 printed thereon by droplets of ink (30),
droplew{ in the ink droplets (30) vary in dianeter from

5. A container (10) according to claim 1, wherein the droplets of ink (30) are

provided in a grid pattern.

6. A container (10) according to claim 5, wherein the grid pattern is defined by a

calculated or anticipated droplet disbursement.

7. A container (10) according to claim 1, wherein the angle of the edges (36, 38)
of the droplets of ink (30a, 30b) is from about 5 to about 25 degrees.
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10 to 200 mcrons and wherein the droplets of ink
range from 200 to 1200 drops per inch. 2. A container
wWao)osaceas ding to claim1l, wherein the dropl et BCDUS200R/085279
(30) vary in diameter from30 to 90 microns. 10 3. A
cdnt ai Hepntempey (198 agoriing ta Gaigy hivvherein jrangicrpiithg edges (36, 38)
i.n f 00 drops per
of tre HBRAE SR Lotk Koo b 300 2 B B kBl 1
wherein the droplets of ink (30) are 15 spread out on
the container surface and portions of droplets (30)
overlap with adjoinin droplets .(32). 5,. A container
oy R ot odadeifing & el v ieciat Sae S
nnmnﬁégﬁmgre provided in a grid pattern. 20 6. A
container (10) according to claim5, wherein the grid
pattern is defined by a calculated or anticipated
dropl et disbursenent. 7. A container (10) according to

[ , erejin.th f th d (36,.3
oA A R B g8 5P A8yt FPhsnl optrs of
ink (3(2%%@2@ H&EEE8S orm&re PR RIRIH64248 PCT/ US2007/ 085279
. A container (10) according to claim1, wherein the

angl e of the edges (36, 38) of the droplets of ink
(30a, 30b) is fromabout 12 to about 15 degrees. 9. A

Do Ry LRSS Bl 2l WIS ISH ot

drople@@Tiiki (36) are 10) c@@bler ding to claim 1, wherein portions
of adjacent droplets of ink (30) overlap to provide

one or nore process colors. 10 11. A container (10)
according to claim1l1, wherein at |east a portion of

the  dL eRlshsr @b) AddKrdinth Mifh VR He@troplets of ink (30) define

a pre-determined image on the container surface.

13. A container (10) according to claim 1, wherein individual droplets of ink (30)

have varying diameters.

14. A container (10) according to claim 1, wherein the container includes a base

coat.

15. A container (10) according to claim 14, wherein the base coat is a digitally

printed base coat.

16. A container (10) according to claim 14, wherein the digital image is printed on

at least a portion of the base coat.
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12. A container (10) according to claim1, wherein the
droplets of ink (30) define a pre-determ ned image on
woeoosonizag ner surface. 15 13. A container (10)PCT/US2007/085279
according to claim1, wherein individual droplets of

i hk (36)coniainge (WA pgioRdng fooftaie} & Whezein fccairedigesl iopgy is

: claim1l1l, wherein the contai ner includes a
prmte@%‘ﬂsfg{eddfg@%c%gt 15. A container (10) according to claim

14, wherein the base coat is a digitally printed base
coat. 25 16. A contai ner (10) according to clain114

e R e O Lk B0 5P e e com
;mnnsgggﬁgg%gg%hggggﬁga%;7 A container (10) according to

cfaim 16, wherein the entire digital imge is printed
on the base coat. 18. A container (10) according to
claim 16, wherein a portion of the base coat 5 forns

1 or o Bt Rl G JRATL i o ROl Bhe kg e

contaif@dr ptdi8desG RN G thOESIYI FBSird e dﬂﬂ@e"dlgftalﬁﬁl@ &ol or
formng part of the digital 1 mage. 20. A cont ai ner

(10) according to claim1, wherein the cont ai ner
external surface is a curved external surface (20).

2%10a A ‘Kﬂé&lﬁn’ﬂ ﬁ%ﬂ agc?ﬁ 1§1)§ forlztl&ﬁxgl %}%ell‘? %%%?ner g{cltemal surface

sti'c co Mpri'siong: 5 oprovi di g a

isacuhtelilem&hﬂllaﬁrfalcé(ﬂl)nt ai ner (10) havi ng a non- pl anar
external surface (20); noving the container (10)

along a track past a digital printing |ocation (50)
21. A method (40) for printing digital images on plastic containers (10),
comprising:
providing a hollow plastic container (10) having a non-planar external surface
(20);
moving the container (10) along a track past a digital printing location (50)
having a plurality of movable print heads (60) that provide droplets of ink (30), the droplets
of ink having a diameter from 10 to 200 microns and the droplets of ink ranging from 200 to
1200 drops per inch; and
printing a digital image on the non-planar container surface (20) by applying

the droplets of ink (30) to the container surface (20).

22. A method (40) according to claim 21, wherein the droplets of ink (30) are

applied to the container surface (20) while the container is moving.

23. A method (40) according to claim 21, wherein a plurality of containers (10)

are provided in series.

-10-
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having a plurality of novable print heads (60) that

provide droplets of ink (30), the droplets of ink
woiosygeda4sdi aneter from 10 to 200 mi crons and tHE/US2007/085279

droplets of ink rangi ng from200 to 20 1200 drops per

i aéh Anaietbed () secoadiak é elaim ?-hsag@u@ﬁg seranEEHhe P@ﬁ@mer surface

d | et f
e e B A,
(40) according to claim21, wherein the droplets of

ink (30) are 25 applied to the container surface (20)
whil e the container is noving A nmet hod ,(4Q)

aééor dingethed (40 pegopding \%%llalé‘il %4>5W }tﬂr?}}‘l the %091118?18 86V610PS container

s SRk S By .

portiod®E d’fediongmtmcaté(bdaua RBlised mdonn‘b]nge d’rsmnnd: befweerea portion of the
i urface | ng the contai ner
print fgfég% fg@ﬂ éﬂ%ﬁ g CPRiping; -“f('%!i?afﬁ?] Equ 662:‘&? P%‘He '25. A net hod (40)

according to claim 24, wherein the scanni ng devel ops

container 5 surface data, the container surface data

is conmunicated to the print heads (60), and at |east

a26por Aioethod (40N ecovoding i daineds,ddtezein gheipopthines sedarerdsta

|stance bet ween a portion of the print heads

umhk%g@yegﬁampﬁ fainer surface (20) to be printed. 26.

A net hod (40) according to claim?25, wherein the

~container surface data 10 includes surface curvature
data. 27. A method (40) according to claim 21, wherein
d@7i ngAtthethed (40) kergrding teeeim 2 hevhepsin duringtig pringng peacess, the

: 0. _nmain |n a subst nti.a
i 05001 2 R P4 B RSABEH ALY KO0 bR forion o
the pridf ﬁeatde Qisperiratl iAR knd thefoaaire? Mrfdce (P®) tpbe ptiswd. 15 28. A
met hod (40) according to claim 21, wherein during the

printing process, the print heads (60) are noved to
maintain a 1 mm 0.3 mm standoff distance (SD) between

%8 por 41,0004 (4t02 o%Edlﬂ% EA?%%Z% Weréi‘ﬁ 8&3{‘[@9&@ Frinfg BRfdess, the

€ contalner's
print heads (60) are moved to maintain a 1 mm + 0.3 mm standoff distance (SD) between a

portion of the print heads (10) dispensing ink and the container surface (20) to be printed.

29. A method (40) according to claim 21, wherein the ink is maintained in the
print heads (60) at a temperature of about 40° C to about 50° C for application of the droplets
of ink (30).

30. A method (40) according to claim 21, wherein the container external surface

(20) is a curved external surface.

31. A method (40) according to claim 21, wherein the container surface (20) is

scanned by laser scanning (80).

-11-
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_curab eoqu

20 29. A nmethod (40) according to claim?21, wherein

the ink is nmaintained in the print heads (60) at a
woemognakay e of about 40 C to about 50 C for  PCT/US2007/085279
application of the droplets of ink (30). 30. A nethod
(48) ademetion §AQ)@oeardingto slaimAd, whereinile eaaingrp 610) are moved

ace 25 (20) is a curved external
atacgﬁgtagwahmg}JN)A met hod (40) according to claim 21,
wherein the container surface (20) is scanned by
| aser scanni ng (80) - 11 WD 2008/ 064248

PCT/ US2007/ 0852 é_ met hod (40). accordlng
cPdi m 2amefiRefH] ﬁws‘:q# ngémﬂé}rﬁ%}»swle%)l thg eonirsuea (| Qaremoved
) ( t 0
ot 2 0D B el (S o A P O e g o
comnaminatedct@ tisetprimtt hereels Q@O)t and thberovedenti af yhe( print dxﬁad:sr(éO) and
qnt aj er (10), i.s. neasured an conmunj. cat ed t he
applcafon of el 'orom 0 e OORUTAMis it FREDEH 1 e T MELRgy (V)
(60) and application of droplets of ink (30) is
coordinated with respect to the neasured velocity (V).
34. A nmethod (40) according to claim 21, wherein the
p Bént ed meihpd &0) ianwgding o clain aurvelmbrafltﬂ@rprpﬁedwdlgﬁgl INBge is
g net h d (40) according to claim 34, wherein the inmge
cure ag@HF? d by W curable ink. 15 36. A nethod (40)
accordlng to claim35, wherein the printed inmage is
cured by WV light. 37. A nmethod (40) according to
claim 34, wherein the image is cured 0.5 seconds to 5
s88ondé4 methed (4 eprosding & clriak 34, 30)erein Hieaerage Feprinted by UV
tai ner surface (20). 20 38. A nethod (40) according
¢l ai m 21, wherein the droplets of ink (30) spread
out on the container surface (20) and at |east a
portion of the droplets of ink overlap with

36. A method (40) according to claim 35, wherein the printed image is cured by
UV light.

37. A method (40) according to claim 34, wherein the image is cured 0.5 seconds

to 5 seconds after droplets of ink (30) contact the container surface (20).

38. A method (40) according to claim 21, wherein the droplets of ink (30) spread
out on the container surface (20) and at least a portion of the droplets of ink overlap with

adjoining droplets (32).

39. A method (40) according to claim 21, wherein the angle (92a) of the edges of
the droplets of ink ranges from about 5 degrees to about 25 degrees.

-12-
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adjoining droplets (32). 25 39. A nethod (40)
accordi ng to claim?2l, wherein the angle (92a) of the
gas/064248t he dropl ets of ink ranges from aboupCHUS2007/085279

ggrees to about 25 degrees. - 12 W) 2008/064248
) UsAousthobsy accombng Je deimah whepin Hecselsi (Rgprad the edges of
( dges of the
the dr rlgtls Im:ﬁ%i{ or}@; h?%\ﬁnoglgé?? %cg?nesa{ggﬁ%ut% dggl% ries to about
15 degrees 41. A nethod (40) according to claim 21,
wherein the digital inmages have 5 nultiple colors.

42 A neth acgor di claim 21, wherein

B i Bt G0 kecBRERE fo S, iz gy g Rl yedes nave
]nuhqgéaﬂ&gers 10 43. A nmethod (40) according to claim 21,

including the step of applying a base coat (90) on

the container (10). 44. A nethod (40) according to

clai m 43, wherein the digital |nage is provided on

555 Rt 0 ool e BRI kit inggad dfcoaé&'{'s%@a? 60)

havevlaﬁyuﬁ)gdhﬁﬁﬁtérson t he contai ner (10). 46. A net hod (40)
according to claim43, including pre-treating the
container (10) 20 prior to applying the base coat
(90). 47. A nethod (40) according to claim 21,

B ' 2l A i e

coat (93 bakd ®hethee(i®)eri a. -

44. A method (40) according to claim 43, wherein the digital image is provided on
at least a portion of the base coat (90).

45. A method (40) according to claim 43, wherein the base coat (90) is printed on

the container (10).

46. A method (40) according to claim 43, including pre-treating the container (10)
prior to applying the base coat (90). '

47. A method (40) according to claim 21, including scanning the digital image

following printing to determine if the digital image meets established criteria.
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